Respiratory syncytial virus (RSV) has been isolated from sheep suffering from respiratory tract disease. Since the greatest differences between bovine RSV and human RSV are found on the attachment G protein, we have determined the nucleotide and deduced amino acid sequences of the G gene of ovine RSV. The latter contained 838 nucleotides and had a major open reading frame encoding a protein of 263 residues, and shared 73 % nucleotide sequence identity with that of bovine RSV. The deduced amino acid sequence of the ovine RSV G protein showed only 60 % amino acid identity with the G protein of bovine RSV. Despite the low level of identity, there were similarities in the predicted hydropathy profiles of the G proteins of ovine and bovine RSV. The intergenic sequences for the SH-G and G-F gene junctions of ovine RSV showed 64 and 57% identity respectively with the corresponding regions of the bovine RSV. Our results indicate that ovine and bovine RSV might be classified as two subgroups of an ungulate RSV.
Analysis of the ovine respiratory syncytial virus (RSV)
Respiratory syncytial virus (RSV) has been isolated from sheep suffering from respiratory tract disease. Since the greatest differences between bovine RSV and human RSV are found on the attachment G protein, we have determined the nucleotide and deduced amino acid sequences of the G gene of ovine RSV. The latter contained 838 nucleotides and had a major open reading frame encoding a protein of 263 residues, and shared 73 % nucleotide sequence identity with that of bovine RSV. The deduced amino acid sequence of the ovine RSV G protein showed only 60 % amino acid identity with the G protein of bovine RSV. Despite the low level of identity, there were similarities in the predicted hydropathy profiles of the G proteins of ovine and bovine RSV. The intergenic sequences for the SH-G and G-F gene junctions of ovine RSV showed 64 and 57% identity respectively with the corresponding regions of the bovine RSV. Our results indicate that ovine and bovine RSV might be classified as two subgroups of an ungulate RSV.
Respiratory syncytial virus (RSV) infections are a major cause of respiratory tract disease in humans, cattle, sheep and goats (Stott & Taylor, 1985) . Serological studies indicate that RSV infections are widespread in sheep populations (Berthiaume et al., 1973) . Experimental infection of ovine RSV caused a mild conjunctivitis in 3-month-old lambs. Although clinical signs of pneumonia were not observed, there was gross and microscopic evidence of pulmonary inflammation in the lungs of lambs inoculated with ovine RSV (Evermann et al., 1985) . Although sheep can be experimentally infected with bovine RSV (Cutlip & Lehmkuhl, 1979) , there are also reports of natural infections in sheep (Evermann et al., 1985; Spraker & Collins, 1986) . As ovine and bovine RSV strains were found to be antigenically related by indirect immunofluorescence and virus neutralization tests, the potential for interspecies transmission of the virus between cattle, sheep and goats could not be ruled out (Lehmkuhl et al., 1980) . Several analyses on the molecular organization of the bovine RSV have been performed (Lerch et al., 1989; Walravens et al., 1990; Samal & Zamora, 1991; Mallipeddi & Samal, 1992) . Sequence comparison between proteins from bovine and human RSV showed that the G and small hydrophobic (SH) proteins are least conserved (30 and 38% identity, respectively; Lerch et al., 1990; Samal & Zamora, 1991) . Human RSV isolates are divided into two antigenic subgroups, A and B, based on their reactions with monoclonal antibodies (MAbs) to the G protein (Anderson et al., 1985; Mufson et al., 1985; Gimenez et al., 1986) . Sequencing studies also have shown that between strains of the same or different subgroups, the G protein of human RSV is less conserved than other proteins (Johnson et al., 1987; Sullender et al., 1991 ; Cane et al., 1991) . Recently, it was shown that the G gene sequences among four bovine RSV strains were highly conserved (90 to 97%; Mallipeddi & Samal, 1993) .
The ovine strain of RSV has not been described in molecular detail. The genetic relationship of the ovine RSV strain with the bovine or human RSV strains is also not known. Since the G protein of RSV has been characterized as the viral attachment protein (Levine et al., 1987) , and since the G gene is the most variable gene between human and bovine RSV strains, it is possible that sequence differences might exist between the ovine and bovine RSV or between ovine and human RSV strains.
Ovine RSV strains WSU 83-1578 and WSU 87-6750 (provided by J. Evermann, Washington State University at Pullman, Wash., U.S.A.) were grown in bovine nasal turbinate cells. Ovine RSV was partially purified using the protocol described by Huang et al. (1985) . Virion RNA (vRNA) or ovine RSV, strain WSU 83-1578 was obtained after proteinase K digestion and phenol extraction. Oligonucleotide primers were synthesized based on the sequence data of the bovine RSV strain A51908 genes. The positive-strand primer corresponding to the nucleotides at the 3' end of the matrix (M) gene 
Gene-end
Gene-start The G gene of ovine RSV contained 838 nucleotides (Fig. 1 a) . The ovine RSV G gene sequence was compared with that of the bovine RSV strain A51908 (Mallipeddi & Samat, 1993 Fig. 2 . Alignment of the predicted amino acid sequence of the G protein of ovine RSV with those of bovine RSV strain A51908, human RSV subgroup A strain A2 and subgroup B strain 18537 (Wertz et al., 1985 ; Johnson et al., 1987; Mallipeddi & Samal, 1993) . Alignment was done by the method of Myers & Miller (1988) . Only the non-identical amino acid residues are shown in bovine and human RSV strains. The proposed domains are indicated above the sequences. The region corresponding to the conserved 13 amino acid region of human RSV (Johnson et al., 1987) is boxed. A gap in the strain A2 G protein sequence compared with that of strain 18537 as described by Johnson et al. (1987) is indicated by a dash.
nucleotide identity with that of A51908. Comparison of the coding region of the G genes of ovine and bovine RSV showed single nucleotide insertions at positions 111, 118 and 577 in the ovine RSV G gene. However, the reading frame was maintained by compensatory deletions after the third, fifth and ninth nucleotides downstream from the insertion site positions, respectively. In the non-coding region the base at position 820 in the bovine RSV G gene was absent in the ovine RSV G gene. The gene-start signals of the F and G genes of human, bovine and ovine strains of RSV were perfectly conserved. The gene-end signals of the SH and G genes of ovine and bovine RSV were identical, but differed by one base when compared to that of human RSV. The geneend signals of bovine and human RSV are followed by an A residue which was absent in ovine RSV. The G gene of ovine RSV had an open reading frame of 263 amino acids (Fig. 2) . The predicted M r of this polypeptide was 29K. The deduced G protein of ovine RSV was of the same length as that of bovine RSV strain A51908, but had an additional six amino acids at the carboxyl terminus compared to that of bovine RSV strain 391-2 (Lerch et al., 1990) .
To examine the sequence divergence between the G genes of two strains of ovine RSV, the G gene of ovine RSV strain WSU 87-6750, isolated from big horn sheep, was synthesized by PCR amplification. Partial sequence analysis showed a high level of conservation at the nucleotide and amino acid levels between the two ovine RSV strains (data not shown). In human RSV, the G protein showed 20% divergence among subgroup A strains, and up to 9 % divergence among subgroup B strains (Cane et al., 1991; Sullender et al., 1991) . Similarly, there was only 5 to 16 % divergence among the G proteins of bovine RSV strains (Mallipeddi & Samal, 1993) . Between subgroups A and B of human RSV there was 47 % divergence (Johnson et al., 1987) . Thus, within a subgroup the G proteins show less diversity than they do between subgroups. In keeping with the division of RSV into subgroups on the basis of G gene sequence relatedness, the ovine RSV G protein is clearly different from that of bovine RSV (40 % divergence). Since this difference is somewhat less than the 47% divergence observed between the human subgroup, ovine and bovine RSV might be considered as two subgroups of ungulate RSV rather than as two distinct viruses. However, more ovine isolates need to be similarly analysed to ascertain whether the genetic subgroups of ungulate RSV continue to remain with the respective hosts.
The G protein of RSV is proposed to have three domains: an internal or cytoplasmic domain, a transmembrane domain and an extracellular domain, the latter of which forms three-quarters of the polypeptide (Satake et al., 1985; Wertz et al., 1985) . Comparison of amino acid identity within each of the domains of the G proteins showed that the cytoplasmic and transmembrane domains were highly conserved (89 and 78 % identity respectively) between ovine and bovine RSV, but the identity between the extracellular domain of the ovine and bovine RSV G proteins was lower than the overall amino acid identity (53 % versus 60 %). Similar observations were also made between subgroups of human RSV, where cytoplasmic and transmembrane domains exhibited high amino acid similarity (81% and 86% identity, respectively) compared to only 44% amino acid identity in the extracellular domain (Johnson et al., 1987) . The divergence of the extracellular domain between ovine and bovine RSV strains could be due to selective immune pressure, as proposed by Johnson et al. (1987) .
Immunofluorescence and virus neutralization tests using antibodies to bovine RSV suggest that ovine RSV is antigenically related to bovine RSV (Evermann et al., 1985) . Polyclonal antibodies to bovine RSV immunoprecipitated the N, P, M, F, G, 22K, NS1 and NS2 proteins of ovine RSV strains WSU 83-1578 and WSU 87-6750 (data not shown). Reaction of the G protein of ovine RSV with polyclonal antiserum to bovine RSV suggested that at least one epitope is common to the G proteins of ovine and bovine RSV strains. Further studies using monoclonal antibodies to the G protein are necessary to examine antigenic differences between ovine and bovine RSV. Amino acid position Fig. 3 . Hydrophilicity profiles of the G protein of RSV strains. The distribution of the hydrophobic (above the dashed line) and hydrophilic (below the dashed line) regions along the predicted amino acid sequences was determined using the algorithm of Kyte & Doolittle (1982) , with a window size of nine amino acid residues.
Although the overall identity of the ovine RSV G protein to that of either bovine or human RSV was low, there were similarities in the hydropathy profiles of the different G proteins (Fig. 3) . The ovine RSV G protein had a high content of proline, serine and threonine, similar to that found in the G proteins of bovine and human RSV (Lerch et al., 1990; Wertz et al., 1985) . Five cysteine residues present in the G protein of ovine RSV were conserved exactly with respect to position in ovine, bovine and human RSV strains, indicating similar structural features among G proteins.
The SH-G and G-F intergenic regions of ovine RSV consisted of 37 and 35 nucleotides, respectively. Those regions were two nucleotides shorter and seven nucleotides longer than the corresponding bovine RSV sequences (Fig. 1 b) . The nucleotide sequences of the SH-G and G-F intergenic regions of the ovine RSV had only 64 and 57% similarity with the corresponding sequences of bovine RSV (Zamora & Samal, 1992) . This is in agreement with the observation that the intergenic sequences between any two genes are relatively nonconserved between viruses of the two human RSV subgroups (Johnson & Collins, 1988) .
In conclusion, the work presented here describes the nucleotide and deduced amino acid sequences of the G gene and the SH-G and ~F intergenic regions of ovine RSV. The amino acid sequence of the ovine RSV G protein showed a low level of overall identity with the bovine RSV G protein. There was only 53 % identity between the extracellular domains of the G proteins of ovine and bovine RSV. Antigenic relatedness between the G proteins of ovine and bovine RSV was observed. Our results indicate that the G gene sequences of ovine and bovine RSV are sufficiently different to suggest two subgroups of an ungulate RSV.
